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ABSTRACT

Objective: Studies examining the link between objective measures of total daily physical activity
and incident Alzheimer disease (AD) are lacking. We tested the hypothesis that an objective mea-
sure of total daily physical activity predicts incident AD and cognitive decline.

Methods: Total daily exercise and nonexercise physical activity was measured continuously for up
to 10 days with actigraphy (Actical®; Philips Healthcare, Bend, OR) from 716 older individuals
without dementia participating in the Rush Memory and Aging Project, a prospective, observa-
tional cohort study. All participants underwent structured annual clinical examination including a
battery of 19 cognitive tests.

Results: During an average follow-up of about 4 years, 71 subjects developed clinical AD. In a Cox
proportional hazards model adjusting for age, sex, and education, total daily physical activity was
associated with incident AD (hazard ratio � 0.477; 95% confidence interval 0.273–0.832). The
association remained after adjusting for self-report physical, social, and cognitive activities, as
well as current level of motor function, depressive symptoms, chronic health conditions, and
APOE allele status. In a linear mixed-effect model, the level of total daily physical activity was
associated with the rate of global cognitive decline (estimate 0.033, SE 0.012, p � 0.007).

Conclusions: A higher level of total daily physical activity is associated with a reduced risk of
AD. Neurology® 2012;78:1323–1329

GLOSSARY
AD � Alzheimer disease; BMI � body mass index; CES-D � Center for Epidemiologic Studies Depression; CI � confidence
interval; HR � hazard ratio.

Physical activity is a modifiable behavior that is associated with Alzheimer disease (AD),1–3 but
several recent reports have concluded that there is insufficient evidence linking physical activity
and AD.4,5 Most prior studies have relied on self-report measures of physical activity without
objective validation. Studies of older persons are especially challenging since self-reported phys-
ical activity can be affected by recall bias, chronic health conditions, low fitness levels, and
various functional limitations. Furthermore, prior studies have not measured nonexercise phys-
ical activity which, through its contribution to total daily energy expenditure, may play an
important role in the benefits which accrue from physical activity.6–9

Although 2 recent studies have examined the association of daytime actigraphy or active
energy expenditure and cognition in older individuals, studies which quantify total daily phys-
ical activity are needed.10,11 The current study used data from 716 participants of the Memory
and Aging Project to test the hypothesis that total daily physical activity is associated with
incident AD and cognitive decline.12 Actigraphs worn on the wrist recorded movements 24
hours/day for up to 10 days, providing an objective measure of total daily physical activity
which circumvents recall bias.13
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METHODS Participants. Participants were individuals
from the Memory and Aging Project, an ongoing longitudinal,
community study of common chronic conditions of old age.
Although the Memory and Aging Project began in 1997, actigra-
phy data collection was not added until 2005. Of 1,258 living
participants, 154 refused actigraphy testing and 190 await test-
ing. Of 914 who had completed actigraphy testing there were 9
missing cognitive testing during the Actical cycle and 12 had
missing actical data due to device failure. Of 893 with valid
actigraphy and cognitive testing, 106 were excluded due to the
presence of clinical AD and non-AD dementia (see below) at the
time of actigraphy testing and 71 did not have a second
follow-up cognitive test (21 died before follow-up testing, 46
have not been in the study long enough, and 4 had missing data).
There were 716 participants without dementia with 2 or more
annual cognitive assessments and valid baseline actigraphy in-
cluded in these analyses with baseline characteristics shown in
table 1.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Institutional Review
Board of Rush University Medical Center. Written informed
consent was obtained from all study participants.

Assessment of cognitive function and diagnosis of AD.
Cognitive function was assessed using a battery of 19 tests which
were used to create a composite measure of global cognition as
described elsewhere.12 Cognitive testing was scored by computer
and reviewed by a neuropsychologist to diagnose cognitive im-
pairment. Participants were then evaluated by a clinician who
used all cognitive and clinical data to diagnose AD using Na-
tional Institute of Neurological and Communicative Disorders
and Stroke–Alzheimer’s Disease and Related Disorders Associa-
tion criteria.

Assessment of total daily physical activity. Total daily
exercise and nonexercise physical activity was measured 24
hours/day for up to 10 days with actigraphs worn on the non-
dominant wrist. Physical activity was measured with actigraphy
(Actical®; Mini Mitter, Bend, OR). Figure 1 shows a time series
for a single participant and illustrates the distribution of activity
during 10 days. Total daily physical activity was the average sum
of all daily activity counts recorded.13 On average, there were
more than 3 � 105 activity counts/day; raw counts were divided
by 1 � 105 (about 1 SD) to facilitate presentation and interpre-
tation of the results.

Assessment of late-life physical, social, and cognitive
activities. Self-report assessment of late-life physical activity
was based on questions adapted from the 1985 National Health
Interview Survey. Five activities included walking for exercise,
gardening or yard work, calisthenics or general exercise, bicycle
riding, and swimming or water exercise. Minutes spent engaged
in each of these activities were summed and expressed as hours of
activity/week.14 Frequency of participation in social activity was
based on 6 items about activities involving social interaction over
the past year.14 Frequency of participation in cognitively stimu-
lating activities was quantified for 7 cognitive activities over the
past year.14

Other covariates. Age was computed from self-reported date
of birth and date of actigraphy. Sex and years of education were
recorded at the study entry.

Motor function was based on 11 motor performance tests
which were scaled and averaged to obtain a summary measure.
Grip and pinch strength were measured using the Jamar® hy-
draulic dynamometer (Lafayette Instruments). Motor perfor-
mances included finger tapping, Purdue pegboard testing, and 7
tests of lower extremity function as previously described.15

Body mass index was based on measured weight and height.
Depressive symptoms over the prior week were assessed with a
10-item version of the Center for Epidemiologic Studies Depres-
sion (CES-D) scale.16 The number of 3 self-reported vascular risk
factors and the number of 4 self-reported vascular diseases were
used in these analyses.14 APOE genotyping was done and indi-
viduals were dichotomized into those with at least 1 copy of the
�4 allele vs those without a copy.17

Statistical analysis. We first examined the crude associations
of actigraphy measures with age, sex, and education. The distri-
bution of total daily physical activity was slightly positively
skewed so we used a square root transformation before the fol-
lowing analyses. Next, we examined the association of total daily
physical activity with incident AD using a discrete-time Cox
proportional hazards model with terms that adjusted for age, sex,

Table 1 Baseline characteristics of the
cohort (n � 716)

Variablesa Mean (SD) or n (%)

Age, y 81.6 (7.12)

Female 76.0% (n � 602)

Years of education 14.8 (2.94)

Motor function 1.0 (0.29)

Physical activity 3.3 (3.70)

Social activity 2.6 (0.62)

Cognitive activity 3.2 (0.64)

Body mass index, kg/m2 27.2 (5.39)

Depressive symptoms 1.1 (1.61)

Vascular risk factors 1.2 (0.82)

Hypertension 460 (64.3%)

Diabetes mellitus 113 (15.8%)

Smoking 279 (39.02%)

Vascular diseases 0.4 (0.73)

Myocardial infarction 84 (11.7%)

Congestive heart failure 39 (5.9%)

Claudication 101 (14.1%)

Stroke 72 (10.9%)

a Motor function: summary measure of 11 motor perfor-
mance measures; a higher score indicates higher or better
motor function. Physical activity: self-reported frequency
of participation in 5 physical activities (hours/week); a
higher score indicates more frequent participation. Social
activity: self-reported frequency of participation in 6 items
about activities involving social interaction; a higher score
indicates more frequent participation. Cognitive activity:
self-reported frequency of participation in 7 cognitive ac-
tivities; a higher score indicates more frequent participa-
tion. Body mass index calculated as weight in kilograms
divided by height in meters squared. Depressive symptoms:
modified 10-item Center for Epidemiologic Studies De-
pression scale; a higher score indicates greater depressive
symptomatology. Vascular risk factors: sum of smoking, di-
abetes, and hypertension self-reported. Vascular diseases:
sum of myocardial infarction, congestive heart failure, clau-
dication, and stroke self-reported.
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and education.18 Next we added terms to this core model to
examine potential confounders and modifiers. Linear mixed-
effect models adjusted for age, sex, and education were used to
examine the relationship between total daily physical activity, the
rate of change in global cognition, and 5 cognitive abilities. Sim-
ilar analyses were used to examine the association of intensity of
total daily physical activity, incident AD, and cognitive decline.
Model validation was performed graphically and analytically and
there was no evidence of lack of fit. Programming was done in
SAS.19

RESULTS Descriptive properties of total daily phys-
ical activity. There were 716 participants and their
baseline characteristics are included in table 1. Partic-
ipants wore the Actical for an average of 9.3 days
(SD � 1.1 day). Total daily physical activity levels
ranged from 0.16 � 105 counts/day to 13.56 � 105

counts/day (mean: 3.06 � 105 counts/day; SD �
1.55 � 105 counts/day). Total daily physical activity
was related to age (r �0.23, p � 0.001) and there

Figure 1 Total daily physical activity over 10 consecutive days

A graphical summary of total daily physical activity from a single Memory and Aging participant. In this recording, the
device recorded and averaged physical activity every 15 seconds for 10 complete days from 7 PM on November 3 through
7 PM on November 13. The time of day is displayed on the top of the figure (0.00 to 0.00). Activity can be seen to vary during
the day, with low or absent activity usually noted between 23:00 and 7:00, when the participant was likely sleeping. The
column on the right of the figure shows the total daily physical activity counts which were averaged to obtain mean total
daily physical activity.
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was a trend for education (r �0.07, p � 0.052).
Women had marginally higher levels of total daily
physical activity (women 3.12 [SD � 1.53] vs men
2.85 [SD � 1.62]; t[714] � 1.94, p � 0.053).

Total daily physical activity and AD. Over a mean of
3.5 years (SD � 1.54) of follow-up, 71 (9.9% of
716) persons developed AD. Using a Cox propor-
tional hazards model adjusted for age, sex, and edu-
cation, level of total daily physical activity was
associated with the risk of developing AD (table 2,
model A). Figure 2 shows that a person with low
total daily physical activity (10th percentile) had a
more than 2-fold (2.3�) higher risk of developing
AD as compared to a participant with high total daily
physical activity (90th percentile).

We hypothesized that the association of total
daily physical activity and AD could be due to as-
pects of physical activity not captured by traditional
activity measures. In further analyses total daily phys-

ical activity remained associated with risk of AD even
after adjusting for common self-report physical activ-
ity (table 2, model B). Total daily physical activity
remained associated with AD even after adjusting for
self-report physical activity as well as the frequency of
social and cognitive activities in a single model (table
2, model C).

We repeated the core model (table 2, model A)
and added terms for the interaction of demographic
variable with the level of total daily physical activity.
The association between total daily physical activity
and incident AD did not vary with age, sex, or edu-
cation (results not shown).

In sensitivity analyses, the association between to-
tal daily physical activity and risk of AD remained
significant when we excluded individuals with a his-
tory of stroke or PD which might cause cognitive
impairment (hazard ratio [HR] 0.478, 95% confi-
dence interval [CI] 0.268–0.851). Further, the asso-
ciation persisted after excluding cases with the lowest
10% of global cognition (HR � 0.433, 95% CI
0.201–0.932) or excluding those who developed AD
in the first 2 years after actigraphy (HR � 0.467,
95% CI 0.220–0.992).

Total daily physical activity and AD: Examining other
potential confounders. We repeated the core model
(table 2, model A) and added terms to examine
whether several potential confounders attenuated the
association of total daily physical activity and AD.
Prior studies in this cohort suggest that current mo-
tor function could affect either total daily physical
activity or risk of AD or both.20 The association of
total daily physical activity with AD remained signif-
icant when adjusting for a summary measure of mo-
tor function (HR 0.490, 95% CI 0.264–0.910).

Chronic health conditions might also affect either
total daily activity or risk of AD or both. Adding terms
for body mass index (BMI), depressive symptoms, vas-
cular risk factors, and vascular diseases did not affect the
association of total daily physical activity and the risk of
AD (HR 0.435, 95% CI 0.244–0.778).

Genetic factors such as APOE4 have been re-
ported to affect both cognitive and motor function.17

Adding a term for the presence of the APOE4 allele
did not affect the association of total daily physical
activity and risk of AD (HR 0.511, 95% CI 0.287–
0.909).

Total daily physical activity and cognitive decline. AD
develops slowly over many years and its clinical hall-
mark is change in cognitive function. Thus, to some
extent a diagnosis of AD consists of placing a cut-
point along a continuum of cognition. To ensure
that our results were not influenced by diagnostic
misclassification or individuals with lower cognition,

Figure 2 Total daily physical activity and risk of AD in old age

Expected risk of Alzheimer disease (AD) based on the entire cohort is illustrated for 2 hypo-
thetical average participants with high (dotted line: 90th percentile, 4.90 � 105 activity
counts per day) and low levels (solid line: 10th percentile, 1.24 � 105 activity counts per
day) of total daily physical activity.

Table 2 Total daily physical activity and incident ADa

Terms
Model A, HR (95% CI),
estimate (SE, p value)

Model B, HR (95% CI),
estimate (SE, p value)

Model C, HR (95% CI),
estimate (SE, p value)

Total daily 0.477 (0.273, 0.832) 0.437 (0.243, 0.787) 0.528 (0.293, 0.951)

Physical activity �0.741 (0.284, 0.009) �0.828 (0.300, 0.006) �0.639 (0.300, 0.033)

Self-report 1.016 (0.937, 1.102) 1.041 (0.961, 1.126)

Physical activity 0.016 (0.041, 0.700) 0.039 (0.040, 0.329)

Self-report 0.574 (0.377, 0.874)

Social activity �0.555 (0.215, 0.010)

Self-report 0.726 (0.501, 1.051)

Cognitive activity �0.320 (0.190, 0.009)

Abbreviations: AD � Alzheimer disease; CI � confidence interval; HR � hazard ratio.
a Three separate discrete-time Cox proportional hazard models employed to estimate the
risk of AD. All 3 models also included terms to adjust for age, sex, and education, which are
not shown.
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we examined the association of total daily physical
activity with cognitive decline using a composite
measure of global cognition.12

We used a series of linear mixed-effects models to
test the association of total daily physical activity and
the rate of cognitive decline. Global cognition de-
clined by 0.125 unit/year. Baseline total daily physi-
cal activity was associated with both the level and
annual rate of change of global cognition (table 3).
Global cognition is comprised of measures of 5 re-
lated but relatively dissociable cognitive systems. In
further analyses, total daily physical activity was asso-
ciated with the rate of decline of episodic and work-
ing memory and perceptual speed and there was a
trend for an association with declining visuospatial
abilities (table 3).

Cognitive decline prior to actigraphy, and baseline to-
tal daily physical activity. Lower cognition might lead
to decreased activity, so we examined whether the
rate of cognitive decline prior to actigraphy was
associated with baseline total daily physical activ-
ity. Using a mixed-effect model, we determined the
person-specific rate of cognitive decline in 438 cases
with 2 or more cognitive tests prior to actigraphy. In
a regression model controlled for age, sex, and educa-
tion, the rate of cognitive decline before actigraphy
was not associated with total daily physical activity
(estimate 0.161, SE 0.124, p � 0.195).

Baseline cognition and subsequent decline in total
daily physical activity. Given that baseline total daily
physical activity predicted subsequent cognitive de-
cline (table 3), we next examined whether baseline
global cognition predicted the subsequent decline of
total daily physical activity. A total of 595 cases had 2

or more actigraphy tests. We used a generalized esti-
mating equation which controlled for age, sex, edu-
cation, and baseline global cognition and their
interaction with time. On average, total daily physi-
cal activity declined by 0.064 � 105 counts/day/year
(estimate �0.064, SE 0.006, p � 0.001). Baseline
global cognition was not associated with the rate of
decline of total daily physical activity (global cogni-
tion � time, estimate 0.002, SE 0.012, p � 0.862).

Intensity of daily physical activity, incident AD, and
cognitive decline. Recent work has suggested that
benefits of physical activity may accrue from aerobic
physical activity. As a surrogate for aerobic activity,
we calculated the intensity of daily activity by divid-
ing the total daily physical activity counts by the total
hours/day of all nonzero epochs to yield the intensity
of daily physical activity (activity counts/hour/day).
Intensity of daily physical activity ranged from
0.04 � 105 counts/hour/day to 0.71 � 105 counts/
hour/day (mean 0.29 � 105 [SD � 0.10 � 105

counts/hour/day]). Intensity of total daily physical
activity also predicted incident AD (HR 0.016, 95%
CI 0.001–0.253) and was associated with the rate of
cognitive decline in global cognition and all cognitive
abilities except semantic memory (table 3).

DISCUSSION In a group of more than 700 older
persons without dementia, an objective measure of
higher level of total daily physical activity was associ-
ated with a lower risk of the subsequent development
of AD. Total daily physical activity remained associ-
ated with risk of AD after adjusting for a wide range
of late-life activities, including physical, cognitive,
and social activities, suggesting that it captures as-

Table 3 Total and intensity of daily physical activity and the rate of cognitive declinea

Total daily physical activity and cognition Intensity of total daily physical activity and cognition

Cognitive ability Model terms Estimate (SE, p value) Cognitive ability Model terms Estimate (SE, p value)

Global cognition Total daily activity 0.120 (0.038, 0.002) Global cognition Intensity total daily activity 0.651 (0.180, �0.001)

Total daily activity � time 0.033 (0.012, 0.007) Intensity total daily activity � time 0.215 (0.058, �0.001)

Episodic memory Total daily activity 0.082 (0.052, 0.114) Episodic memory Intensity total daily activity 0.381 (0.249, 0.126)

Total daily activity � time 0.041 (0.016, 0.012) Intensity total daily activity � time 0.267 (0.077, �0.001)

Semantic memory Total daily activity 0.135 (0.046, 0.003) Semantic memory Intensity total daily activity 0.7399 (0.220, �0.001)

Total daily activity � time �0.001 (0.014, 0.969) Intensity total daily activity � time 0.057 (0.068, 0.401)

Working memory Total daily activity 0.088 (0.057, 0.123) Working memory Intensity total daily activity 0.504 (0.247, 0.066)

Total daily activity � time 0.034 (0.014, 0.017) Intensity total daily activity � time 0.213 (0.068, 0.002)

Perceptual speed Total daily activity 0.227 (0.058, �0.001) Perceptual speed Intensity total daily activity 1.371 (0.275, �0.001)

Total daily activity � time 0.038 (0.014, 0.006) Intensity total daily activity � time 0.219 (0.066, �0.001)

Visuospatial ability Total daily activity 0.072 (0.061, 0.238) Visuospatial ability Intensity total daily activity 0.447 (0.291, 0.125)

Total daily activity � time 0.031 (0.018, 0.086) Intensity total daily activity � time 0.204 (0.088, 0.020)

a Estimated from a linear mixed-effect model which also included terms for the annual rate of cognitive decline (time) as well as for age, sex, education, as
well as their interaction with the annual rate of change in cognition.
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pects of physical activity not assessed by traditional
physical activity questionnaires. This association was
robust and not attenuated by the current level of mo-
tor function, BMI, vascular risk factors or diseases, or
APOE4 allele status. In separate analyses, total daily
physical activity was related to the level of cognition
and also the subsequent annual rate of cognitive de-
cline. These findings lend support for the link be-
tween physical activity, cognition, and risk of AD in
old persons.

The number of Americans older than 65 years
will double to about 80 million by 2030, with the
most rapid growth in those 80 years or older.21 Thus,
whether physical activity, a modifiable risk factor, is
associated with cognitive decline and AD has impor-
tant public health consequences. Some but not all
prior observational studies have reported an associa-
tion between physical activity and cognition in old
age.2,3 The reliance in prior studies on self-report
questionnaires to assess physical activity without ob-
jective validation has restricted the type of activities
that are sampled and may be affected by recall bias
and may have contributed to the small effect sizes
observed. A recent study reported an association be-
tween daytime actigraphy and level of cognition in
older women adjusting for self-report walking and
physical function.11 However, this study did not as-
sess total daily nonexercise physical activity, an im-
portant component of total daily energy expenditure,
and a likely determinant of the health benefits which
accrue from physical activity.7–9 The current study
extends prior work by using actigraphy in the com-
munity setting to circumvent recall bias and to pro-
vide an objective measure of both total daily exercise
and nonexercise physical activity and determine its
association with cognitive decline and incident AD.

The finding that total daily physical activity is as-
sociated with incident AD as well as with the level
and rate of change in cognitive function provides
support for efforts to encourage physical activity even
in very old individuals. In further analyses, this asso-
ciation remained significant after adjusting for a wide
range of late-life activities including physical, cogni-
tive, and social activities. Thus, not only exercise but
also higher levels of nonexercise activity are associ-
ated with cognition in old age. This finding has im-
portant implications not only for observational
studies but also for the design of physical activity
intervention studies and cognition in old age. Older
individuals, for whom participation in formal exer-
cise may be constrained because of underlying health
problems, may nonetheless benefit from a more ac-
tive lifestyle through increases in the full spectrum of
routine activities which are included under the rubric
of nonexercise physical activity. Further, studies are

needed to delineate the determinants of exercise and
nonexercise physical activity in older individuals as
well as their relative contributions to cognition in old
age.

Rapid advances in technology have increased the
availability of minimally intrusive devices which can
provide objective measures of physical activity for
days to weeks in the community setting, and do not
rely on participant recall, allowing investigators to
study the full spectrum of health and disabilities in
old age.11,22–25 Recent studies suggest that laboratory
testing may not reflect physical activity measured in
the community setting.26 Furthermore, older indi-
viduals may decrease their nonexercise activities
when they increase their exercise activity.27 Thus, it
may be particularly important to measure exercise
and nonexercise activities in older persons. Record-
ing continuously 24 hours/day provides objective
measures of the total daily physical activity as well as
the distribution of activity and rest periods. For ex-
ample, both periods of physical activity at night
which may represent disrupted sleep patterns (sleep
fragmentation) as well as prolonged rest periods dur-
ing the day which may represent daytime naps (activ-
ity fragmentation) can be determined. Further work
is needed to examine the temporal dynamics of activ-
ity and rest periods and their health conse-
quences.28,29 It is likely that with falling cost and
technologic advances, the use of these devices will
become more commonplace, increasing the precision
and specificity of physical activity measures and facil-
itating efforts to explicate the link between physical
activity and cognition in old age.

There are limitations to this study. Inferences re-
garding causality must be drawn with caution from
observational studies. However, it is important to
note that if the benefits of physical activity are small
and cumulative over many years, they may be beyond
resolution by a randomized clinical trial. Thus, the
field may be forced to draw inferences regarding this
association from well-designed epidemiologic stud-
ies. The complementary analyses in the current study
provide important data suggesting that physical ac-
tivity may be protective of and forestall the develop-
ment of AD. The percentage of female participants
was high and this was a volunteer cohort, and thus
may not be representative of the general population
of older adults. Further, the actigraphs used in this
study do not differentiate the types of activities that
were performed, and removal of the device cannot
always be distinguished from periods of no activity.

The main strength of this study is that we ob-
tained objective measures of total daily physical
activity from a relatively large number of well-
characterized older persons who may be more rep-
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resentative of the cognitive and physical function
spectrum observed in the community setting. In
addition, our analyses adjusted for a wide range of
late-life activities and potential confounders in-
cluding robust measurements of both cognition
and motor function, evaluated as part of a uniform
clinical evaluation.
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